This study was embedded in the Generation R Study, a population-based prospective cohort study from early fetal life onward in Rotterdam, The Netherlands. 11 The study has been approved by the local medical ethical committee. Written consent was obtained from all participating mothers.
T he first pregnancy is associated with maternal hemodynamic maladaptations and higher risks of vascular complications during pregnancy. [1] [2] [3] Maternal and placental hemodynamic maladaptations may adversely affect fetal nutrient supply and fetal growth. Previous studies showed that nulliparous mothers have a higher risk of delivering smallsize-for-gestational-age children. 4, 5 Fetal growth restriction and small-size-for-gestational-age at birth are associated with increased risks of neonatal morbidity and mortality and with higher risks of obesity, higher blood pressure levels, and insulin resistance in childhood and adulthood. [6] [7] [8] [9] [10] Most previous studies used birth weight as proxy for early growth but did not examine the associations of maternal parity with longitudinally measured fetal and childhood growth characteristics. Also, whether maternal nulliparity has persistent cardiometabolic consequences for the offspring remains unclear.
Therefore, in a population-based prospective cohort study of 9031 mothers and their children, we examined the associations of maternal parity with longitudinally measured fetal and childhood growth characteristics. We also examined the associations of maternal parity with adverse birth outcomes, infant catch-up growth, and childhood cardiometabolic risk factors.
Parity Assessment
Information about parity (defined as the number of times that a woman had given birth to a fetus with a gestational age of 24 weeks or more, regardless of whether the child was born alive or was stillborn) was obtained by questionnaire at enrollment. Parity was categorized into 4 categories (0, 1, 2, and ≥3).
Fetal and Early Childhood Growth Measurements
Fetal ultrasound examinations were performed in 2 dedicated research centers in first (median, 13.2 weeks of gestation; 95% range, 10.6-17.5), second (median, 20.5 weeks of gestation; 95% range, 18.6-23.5), and third (median, 30.4 weeks of gestation; 95% range, 28.3-33.0) trimesters. We established gestational age by using data from the first ultrasound examination. 13 In the second and third trimesters, we measured fetal head circumference, abdominal circumference, and femur length to the nearest millimeter using standardized ultrasound procedures. 14 Estimated fetal weight was calculated using the formula of Hadlock et al. 15 Gestational-age-adjusted standard deviation scores (SDS) were constructed for all fetal growth measurements. 13 Information about sex, gestational age, weight, length, and head circumference at birth was obtained from medical records. Gestational-age-adjusted SDS for birth weight, length, and head circumference were constructed using North-European growth standards. 16 Well-trained staff in the Community Health Centers obtained postnatal growth characteristics according to standard schedule and procedures at the ages of 3, 6, 12, 24, 36 , and 48 months. SDS for postnatal growth characteristics were obtained with Dutch growth reference charts (Growth Analyzer 3.0; Dutch Growth Research Foundation, Rotterdam, The Netherlands).
Birth Outcomes
Preterm birth was defined as a gestational age of <37 weeks at delivery. Low birth weight was defined as birth weight <2500 g. Smallsize-for-gestational-age at birth and large-size-for-gestational-age at birth were defined as a sex and gestational-age-adjusted birth weight below the 5th percentile (<−1.77 SDS) and above 95th percentile in the study cohort (>1.59 SDS), respectively.
Childhood Cardiometabolic Outcomes
At the age of 6 years, childhood height and weight were measured without shoes and heavy clothing. Body mass index (BMI) was calculated. Overweight and obesity were defined according to the definition of Cole et al. 17 Body fat was measured by dual-energy X-ray absorptiometry (iDXA, General Electrics-Lunar, 2008, Madison, WI). 18 Total body fat mass percentage was calculated as percentage of total body weight. Android/gynoid fat mass ratio was calculated. Two-dimensional M-mode echocardiographic measurements were performed using methods recommended by the American Society of Echocardiography and used to calculate the left ventricular mass. 19, 20 Systolic and diastolic blood pressure levels were measured at the right brachial artery, 4 times with 1-minute intervals, using the validated automatic sphygmanometer Datascope Accutor Plus (Paramus, NJ). A cuff was selected with a cuff width approximately 40% of the arm circumference and long enough to cover 90% of the arm circumference. Thirty minutes fasting venous blood samples were obtained, and cholesterol, low-density lipoprotein cholesterol, high-density lipoprotein cholesterol, triglycerides, and insulin levels were measured. In line with previous definitions used among pediatric populations to define childhood metabolic-syndrome-like phenotype, 21 we defined clustering of cardiometabolic risk factors as having any of the 3 or more following components: android fat mass percentage ≥75th percentile, systolic blood pressure or diastolic blood pressure ≥75th percentile, high-density lipoprotein cholesterol ≤25th percentile or triglycerides ≥75th percentile, and insulin level ≥75th percentile. We used android fat mass percentage as a proxy for waist circumference because waist circumference is not available in our study.
Covariates
Maternal age, weight, and height were assessed at intake. 11 Maternal prepregnancy BMI was calculated. Information on maternal education level, ethnicity, and folic acid supplementation use was obtained at enrollment. Information on smoking and alcohol consumption was assessed by questionnaires during pregnancy. Maternal first trimester nutritional information was obtained by a food frequency questionnaire. 11 Maternal weight gain until a gestational age of 30 weeks (median, 30.2; 95% range, 28.5-32.9) was measured. We used records from midwives and obstetricians to collect information on pregnancy complications. 22 Information about breastfeeding, timing of introduction of solid foods, and average television watching time was obtained by questionnaires.
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Statistical Analysis
First, we explored the associations of maternal parity with repeatedly measured fetal and childhood growth characteristics (head circumference, [femur] length, and [estimated fetal] weight) using unbalanced repeated measurement regression models. These models take the correlation between repeated measurements of the same subject into account and allow for incomplete outcome data. 23 For presentation purposes of the longitudinal analyses, we combined the upper maternal parity categories and used 3 categories (0, 1, and ≥2). We also performed regular multivariate linear regression analyses to analyze the associations of maternal parity with fetal and childhood growth characteristics in absolute values.
Second, we used multivariate logistic regression models to analyze the associations of maternal parity with the risks of adverse birth outcomes. We used multivariate linear regression models to assess the associations of maternal parity with infant growth in different intervals. Finally, we used similar models to analyze the associations of maternal parity with childhood cardiometabolic outcomes, the risk of childhood overweight, and the risk of childhood clustering of cardiometabolic risk factors and its separate components. Tests for trend were performed by analyzing parity as per original number. Sensitivity analyses were performed among European mothers only. To take into account the potential effect of miscarriages, we performed a sensitivity analysis using maternal gravidity instead of parity for the analyses focused on birth and childhood outcomes.
All models were adjusted for gestational age at enrollment, maternal age, ethnicity, educational level, prepregnancy BMI, gestational weight gain, smoking and alcohol consumption during pregnancy, folic acid supplementation use, total calorie intake during pregnancy, pregnancy complications, and fetal sex. The models focused on childhood growth outcomes were additionally adjusted for child's age at visit, gestational age at birth, infant breastfeeding, timing of introduction of solid foods, and average duration of television watching, whereas the models focused on childhood body fat outcomes and cardiometabolic outcomes were additionally adjusted for birth weight, child's age at measurement, and child's height (body fat outcomes) or child's BMI (cardiometabolic outcomes). We tested for potential interactions between maternal parity and birth weight for the analyses focused on postnatal growth and cardiometabolic outcomes, but no significant interactions were present. Missing data of covariates were imputed using multiple imputations. Analyses were performed using Statistical Package of Social Sciences version 17.0 for windows (SPSS Inc, Chicago, IL) and Statistical Analysis System version 9.2 (SAS, Institute Inc, Cary, NC).
Results
Subject Characteristics
Participant characteristics are shown in Table 1 . Table S1 shows fetal and childhood growth characteristics. Table  S2 shows that mothers with children with follow-up at the age of 6 years were more often higher educated and from European descent. Figure 1 shows that compared with nulliparous mothers, multiparous mothers had children with higher fetal head circumference, length, and weight growth from third trimester onward, resulting in a higher head circumference, length, and weight at birth (all P<0.05). From the postnatal age of 6 months onward, differences in children's head circumference, height, and weight between parity categories became smaller. At the age of 6 years, children of multiparous mothers had a lower stature and a lower weight (P<0.05) compared with children of nulliparous mothers, but no differences in childhood head circumference were present. The associations of maternal parity with fetal and childhood growth characteristics from regular linear regression models in absolute values are given in Tables S3 and S4 . Table 2 shows that compared with nulliparous mothers, multiparous mothers had lower risks of preterm delivery (odds ratio [OR], 0.62; 95% confidence interval [95% CI], 0.50-0.77) and small-size-for-gestational-age children (OR, 0.44; 95% CI, 0.34-0.55) but a higher risk of large-size-for-gestationalage children (OR, 2.47; 95% CI, 1.97-3.10). Trend analyses showed that among all mothers, a higher parity was associated with lower risks of preterm birth and small-size-for-gestationalage at birth and with a higher risk of large-size-for-gestationalage at birth (all P<0.05). These trends, although in similar direction, were not significant among multiparous mothers only. Table S5 shows that compared with infants of nulliparous mothers, infants of multiparous mothers had a lower weight gain between ages of 0 and 3 months, 3 and 6 months, and 6 and 12 months (P<0.05). Weaker significant associations were present for height in the first year of life. Table 3 shows that, compared with children of nulliparous mothers, children of multiparous mothers had a lower BMI (difference, −0.12 kg/m 2 ; 95% CI, −0.22 to −0.02) and total fat mass percentage (difference, −0.42%; 95% CI, −0.69 to −0.14), but not android/gynoid fat mass ratio, at the age of 6 years. Among all mothers and multiparous mothers only, consistent trends in similar direction were present (P for trends <0.05). No significant associations were present of maternal parity with childhood cardiac outcomes. A higher maternal parity was associated with lower total cholesterol and low-density lipoprotein cholesterol levels in children (P for trend among all Fetal and childhood head circumference, length, and weight growth among different parity categories (1 and ≥2) compared with nulliparity (reference group, shown as zero-line in graphs). Results are based on repeated measurement regression models. Effect estimates (95% confidence interval represented by error bars) reflect the differences in (gestational) age-adjusted standard deviation scores of head circumference, length, and weight at 20, 30, and 40 weeks of gestation and at 6, 12, 24, 36, 48, and 72 months postnatally among different parity categories. As the reference category, nulliparity, is represented by the zero-line in the graphs, noncrossing of the zero-line by the effect estimates and confidence intervals for parity=1 and parity≥2 indicates that the effect estimates for these categories are statistically significant. Estimates are from multiple imputed data. Models were adjusted for gestational age at enrollment, maternal age, ethnicity, educational level, prepregnancy body mass index, gestational weight gain, smoking and alcohol consumption during pregnancy, folic acid supplementation use, total calorie intake during pregnancy, pregnancy complications, and fetal sex. mothers and among multiparous mothers only <0.05), but no associations were present for triglycerides and insulin levels. Children of multiparous mothers had a lower risk of childhood overweight (OR, 0.75; 95% CI, 0.63-0.88) compared with children of nulliparous mothers. The risk of childhood clustering of cardiometabolic risk factors was not statistically significantly different (OR, 0.82; 95% CI, 0.64-1.05; Figure 2 ). Increasing maternal parity was associated with a lower risk of childhood overweight and childhood clustering of cardiometabolic risk factors (P for trend among all mothers <0.05). Among multiparous mothers only, a significant trend in similar direction was present for childhood overweight only. Figure S2 shows the associations of maternal parity with the different components of childhood clustering of cardiometabolic risk factors. The association of maternal parity with a high android fat mass percentage was the strongest compared with the other components. We observed similar results when we restricted our analyses to mothers of European origin (Table S6) . We did not adjust our analyses for previous miscarriages. However, when we repeated our analyses using maternal gravidity instead of maternal parity, effect estimates for the associations with birth and childhood outcomes were in similar direction (results not shown).
Maternal Parity and Longitudinally Measured Fetal and Childhood Growth
Cholesterol, mmol/L 4.2 (0.6) 4.2 (0.6) 4.2 (0.6) 4.1 (0.6) 0.20 LDL cholesterol, mmol/L 2.4 (0.6) 2.4 (0.6) 2.3 (0.5) 2.3 (0.5) 0.04 HDL cholesterol, mmol/L 1.3 (0.3) 1.4 (0.3) 1.4 (0.3) 1.4 (0.3) 0.02 Triglycerides, mmol/L 1.0 (0.4-2.4) 0.9 (0.4-2.2) 0.9 (0.4-2.7) 0.9 (0.3-2.6) 0.26
Maternal Parity and Childhood Cardiometabolic Risk Factors
Discussion
In this prospective cohort study, we observed that compared with maternal nulliparity, multiparity was associated with higher fetal growth rates from third trimester onward and with lower risks of delivering preterm and small-size-for-gestational-age infants but a higher risk of delivering large-sizefor-gestational-age infants. Children of multiparous mothers had lower rates of accelerated infant growth and a better cardiometabolic profile at 6 years. Among multiparous mothers only, a higher parity was associated with a lower risk of childhood overweight and a better cholesterol profile.
Methodological Considerations
We had a prospective data collection from early fetal life onward and a large sample size. Detailed, repeatedly measured, fetal and childhood growth characteristics were available. The response rate at birth was 61%. Pregnant women who participated were more highly educated, healthier, and more frequently of Dutch origin than were those who did not participate.
11 Follow-up data at 6 years were available in 69% of our study population. The nonresponse would lead to biased effect estimates if the associations would be different between those included and not included in the analyses. This seems unlikely. 24 The nonresponse at baseline and follow-up might have led to a selection of a more healthy population and affect the generalizability of our results. Differences in maternal health and lifestyle-related determinants between families with one child and multiple children might be an important confounding aspect within our study. We had detailed information about a large number of potential confounding sociodemographic and lifestyle-related factors available in this study. Extensive adjustment for these factors in our analyses did not explain the associations of maternal parity with birth and childhood outcomes. However, residual confounding resulting from other lifestyle-related variables, such as maternal and childhood nutritional factors and physical activity, might still be an issue. It is of interest to perform a within-sibling analysis to better control for family-based environmental characteristics. Because of small numbers of siblings in our cohort, we could not perform this analysis. Also, ethnic background was strongly related to maternal parity in our study, and the influence of ethnic background on childhood outcomes might affect our findings. However, all analyses were adjusted for maternal ethnic background and analyses among European mothers only showed similar results. Finally, we had a relatively small number of cases of adverse birth and childhood outcomes among multiparous mothers within our study, which might explain nonsignificant findings for these outcomes among multiparous mothers only.
Maternal Parity and Fetal and Childhood Outcomes
We observed that nulliparous mothers had children with lower fetal growth rates and higher risks of delivering preterm and small-size-for-gestational-age children. Among multiparous women only, trend analyses showed a tendency toward decreasing risks of adverse birth outcomes with increasing parity. Our findings are in line with a previous study among 25 614 singleton births, which showed that the rates of intrauterine growth restriction and preterm delivery were higher among nulliparous women compared with multiparous women. 5 Compared with infants of nulliparous mothers, infants of multiparous mothers had lower rates of accelerated infant growth, lower childhood BMI, fat mass percentage, and cholesterol levels. Among multiparous women only, consistent trends with increasing parity in similar direction were present. Although the observed effect estimates were small and they are mainly of interest from a cardiovascular developmental perspective, previous studies have shown that these childhood cardiometabolic risk factors tend to track into adulthood and are related to the development of cardiovascular disease in later life. 25, 26 In line with our findings, a previous prospective cohort study among 1335 infants showed that infants of nulliparous mothers had strong catch-up growth, and from 12 months onward these infants were heavier and taller compared with infants of multiparous mothers. 27 A study that examined the combined effect of maternal and child risk factors in generating risk profiles for overweight and obesity among preschool children observed that parity played an important role. 28 Parity has also been identified as an independent determinant of neonatal body composition. 29 Furthermore, a study among 276 men and women reported that adiposity in early adulthood is influenced by maternal parity independent of birth weight and current lifestyle-related factors. 30 In our study, the associations of maternal parity with cardiometabolic risk factors in childhood were also independent of birth weight and not explained by sociodemographic and lifestyle-related factors. A recent study among 1 065 710 Swedish men also ) and reflect the differences in childhood outcomes for different parity categories compared with nulliparous mothers. Estimates are based on multiple imputed data. Models were adjusted for gestational age at enrollment, maternal age, ethnicity, educational level, prepregnancy body mass index, gestational weight gain, smoking and alcohol consumption during pregnancy, folic acid supplementation use, total calorie intake during pregnancy, pregnancy complications, fetal sex, gestational age and weight at birth, infant breastfeeding, timing of introduction of solid foods, average duration of television watching, and age at measurement. Models for fat mass outcomes were additionally adjusted for current childhood height. Models for cardiovascular and metabolic outcomes were additionally adjusted for current childhood body mass index.
†Tests for trend were based on multiple linear regression models with parity as a continuous variable. ‡P<0.01. §P<0.05. ║Triglycerides and insulin had a skewed distribution and were log transformed and square-root transformed, respectively. reported that birth order was negatively associated with BMI in young adulthood. 31 We observed no consistent associations of maternal parity with childhood left ventricular mass and blood pressure. Studies examining associations of parity with offspring blood pressure have reported conflicting results. [31] [32] [33] [34] [35] [36] A study among 3360 children reported that maternal parity was inversely associated with offspring blood pressure. 32 However, this study suggested that because associations of both older and younger siblings with childhood blood pressure were equally strong, the association is likely a postnatal effect instead of a prenatal maternal effect. 32 A study among 453 Brazilian adolescents showed that significant associations of parity with systolic and diastolic blood pressure disappeared in fully adjusted models, which further supports a postnatal effect. 36 To our knowledge, no previous studies have examined the association of maternal parity with childhood metabolic outcomes. The concept of a metabolic syndrome in childhood is controversial because there may be variability in its manifestation with age, sex, and ethnicity and underlying pathophysiological mechanisms remain unclear. 21 However, defining children with clustering of cardiometabolic risk factors for research purposes might identify children at high risk of cardiovascular and metabolic disease in later life. 21 There is no universal definition for a metabolic syndrome in childhood. As described by Steinberger et al, 21 we used 4 criteria commonly included to define childhood clustering of cardiometabolic risk factors, including abdominal adiposity, high blood pressure, dislipidemia, and insulin resistance. Because we did not have glucose levels and detailed information about family history of the children available in our study cohort, we did not use the International Diabetes Federation criteria. We observed that children of nulliparous mothers had higher total and low-density lipoprotein cholesterol levels and a higher risk of clustering of cardiometabolic risk factors. A study among young Brazilian adults showed that firstborns had higher cholesterol and triglycerides levels and a higher metabolic risk compared with later-borns. 33 The association of parity with metabolic risk was not explained by birth weight but was largely explained by rapid postnatal growth. 33 In our study, the associations between maternal parity and childhood overweight and childhood clustering of cardiometabolic risk factors were not explained by birth weight, and they were also only partly explained by infant growth. The association of maternal parity with the risk of childhood clustering of cardiometabolic risk factors was partly explained by childhood abdominal adiposity.
Biological Mechanisms
The mechanisms by which nulliparity might be associated with impaired fetal growth, accelerated infant growth, and an adverse childhood cardiometabolic profile are not clear. Shared family-based, lifestyle-related, and parenting behavior factors, which differ between families from nulliparous and multiparous mothers, may explain part of the observed associations. However, because our findings were not explained by a large number of sociodemographic and lifestyle-related characteristics, and we already observed differences in birth and early childhood outcomes, biological mechanisms may also play a role. Maternal constraint, which involves nongenetic influences by which the mother limits fetal growth, may be greater among nulliparous mothers. Maternal constraint may involve suboptimal adaptations in the uteroplacental vasculature. 37 During the first pregnancy, the spiral arteries, which provide maternal blood to the placenta, are remodelled. 3 Multiparous women may offer, through remodelling of maternal vascular structures in their previous pregnancies, a more favorable environment for placental development, placental function, and fetal nutrition in the next pregnancies. [38] [39] [40] [41] Furthermore, differences in maternal metabolic and hormonal environment between nulliparous and multiparous women may influence fetoplacental development. [41] [42] [43] Impaired fetal growth, followed by infant catch-up growth, may influence risks of adiposity and adverse cardiometabolic outcomes in later life. 7, 44 Animal studies also suggested an increase in fat mass and alterations in endocrine sensitivity in adipose tissue in firstborn offspring, which may also be important risk factors for obesity and related disorders in later life. 41 
Perspectives
Maternal nulliparity is a risk factor for suboptimal maternal hemodynamic adaptations during pregnancy, which may adversely affect fetal nutrient supply. Children of nulliparous mothers have slower fetal growth rates from third trimester onward and accelerated infant growth rates. Maternal nulliparity is also associated with increased risks of adverse birth outcomes, childhood adiposity, and adverse childhood metabolic profile. Among multiparous mothers only, increasing parity tends to be associated with a decreasing risk of adverse health outcomes in offspring. Further studies are needed to explore underlying mechanisms and clinical implications. Head circumference (mm) 179 (14) 180 (15) 179 (16) *Values are regression coefficients (95% Confidence Interval) from linear regression models and reflect differences in growth rates during the first year of life for different parity categories as compared to nulliparous mothers. Values are based on multiple imputed data. Models were adjusted for gestational age at enrolment, maternal age, ethnicity, educational level, prepregnancy body mass index, gestational weight gain, smoking and alcohol consumption during pregnancy, folic acid supplementation use, total calorie intake during pregnancy, pregnancy complications, and fetal sex, gestational age at birth, infant breastfeeding, timing of introduction of solid foods, average duration of tv watching, and age at visit. †Tests for trend were based on multiple linear regression models with parity as a continuous variable; ‡P-value <0.05. **P-value<0.01. 
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